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1
RESOLVER

FIELD OF THE INVENTION

The present invention relates to a resolver, especially a >
brushless resolver.

BACKGROUND INFORMATION

In electrical engineering a resolver is an electromagnetic 1Y

measuring transformer for converting the angular position of
a rotor 1nto an electrical quantity or mto electrical signals.
These signals are ultimately used for determining the relative
angular position between two subassemblies which are able
to rotate relative to each other, e.g., two machine parts rotat-
able relative to each other. In the present application, the term
resolver also encompasses measuring converters, which are

referred to as synchros or rotary resolvers.

In a resolver, offset stator windings which enclose a rotor ,,
situated inside the housing with rotor windings are often
disposed inside a housing. In this case both the stator wind-
ings and the rotor windings are disposed on a laminated core,
which acts as guide for the magnetic flux. The laminated cores
are made up of a multitude of individual sheets, which are 25
usually produced from a magnetically soft material 1n order to
increase their electromagnetic effect.

In brushless resolvers, a rotating winding of a transformer
transmits the rotor voltage to a stationary winding of the
transiformer 1n contactless manner. The windings on the stator 30
side and the rotor side are normally disposed 1nside a housing
of the transformer.

Such resolvers are often produced 1n large numbers, so that
a simple, automated production 1s called for, 11 at all possible.

Resolvers are known whose housings for the windings of 35
the transformer are produced by turning processes. This
known construction has the disadvantage that the current
consumption of the resolver 1s fairly high due to relatively low
eificiency of the transformer, and that the measuring preci-
sion 15 ultimately limited. In addition, turned housing com- 40
ponents are quite expensive 1n the production.

European Published Patent Application No. 1 302 953
describes a brushless resolver, for which a housing for the
windings of the transformer 1s made from a deep-drawn com-
ponent and a planar component. 45

Such a construction has disadvantages with regard to the
measuring accuracy and, furthermore, can be produced or
assembled only at relatively high cost.

15

SUMMARY 50

Example embodiments of the present invention provide a
resolver which has exceedingly high measuring accuracy and
turthermore 1s able to be produced at minimum expense.

Accordingly, the resolver according to example embodi- 55
ments of the present invention has two subassemblies which
are rotatable about an axis, the resolver being used for deter-
mimng the relative angular position between the two subas-
semblies. Each subassembly includes a winding disposed
inside a housing which 1s made up of two housing shells. The 60
housing shells have tabs that are oriented with an axial direc-
tional component and joined in interlocking manner with
axial overlap at a mutual offset in the circumierential direc-
tion.

The arrangement of the resolver makes 1t possible to 65
increase 1ts measuring accuracy and simultaneously reduce
its production expense.

2

The two housing shells may have an 1dentical geometrical
form.

-

T'he resolver may be implemented as brushless resolver,
and the winding 1s assigned to a transformer.

The housing shells may be formed 1n one piece from sheet
metal. An 1ron-silicon alloy may be used as material for the
sheet metal. Furthermore, the housing shells may be pro-
duced by a stamping process or a bending process.

It 1s considered advantageous 11 the resolver has two wind-
ings, each being disposed 1n a housing and each housing
having two housing shells. In other words, each of the two
windings 1s situated in one housing. The tabs of one housing
are disposed at the outer circumierence of the housing,
whereas the tabs on the other housing are situated at the inner
circumierence of the housing. It1s also possible for a plurality
of windings to be disposed in the one and/or in the other
housing.

The resolver may have a resolver housing, and the tabs are
configured such that they rest against the resolver housing 1n
clastic manner 1n the radial direction. As an alternative or 1n
addition, the resolver may have a shaft, and the tabs may
alternatively or additionally be configured such that they rest
against the shaft 1n elastic manner in the radial direction. The
clastic effect 1s achievable 1n that the housing shells are pro-
duced by a bending process and the tabs are bent at an angle,
so that they rest against the resolver housing or against the
shaft 1n elastic manner 1n the radial direction. The angle
between two adjacent side walls of a housing shell may
amount to less than 90°, 1n particular.

Especially advantageous with regard to the measuring
accuracy that 1s achievable by the resolver and with regard to
an economic manuiacture 1s to arrange the housing shells 1n
rotationally symmetrical form with regard to the axis.

Further details and advantages of the resolver according to
example embodiments of the present invention are described
below with reference to the attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal sectional view of a resolver.

FIG. 2a 15 a perspective view of a sheet metal piece for
producing a housing shell.

FIG. 2b 1s a perspective view of a housing shell.

FIG. 2¢ 15 a perspective view of a housing.

FIG. 3a 1s a perspective view of another sheet metal piece
for producing an additional housing shell.

FIG. 3b 1s a perspective view of the additional housing
shell.

FIG. 3¢ 1s a perspective view of the additional housing
shell.

DETAILED DESCRIPTION

According to FIG. 1, the resolver includes two subcompo-
nents which are rotatable relative to an axis A, e.g., a stator 1
as first subassembly, and a rotor 2 as second subassembly.
Stator 1 has a resolver housing 1.3 which includes a region
that acts as mounting support 1.31 for a laminated core 1.4.
Receiver windings 1.5 are disposed on this laminated core
1.4. In the 1llustrated exemplary embodiment, two receiver
windings 1.5 which are ofiset by 90° are provided.

Furthermore, stator 1 has a holding region 1.32 to accom-
modate a transformer part, which 1s made up of windings 1.1
and a housing 1.2 surrounding windings 1.1. Housing 1.2
includes two housing shells 1.21, 1.22 provided with tabs
1.211, 1.221, which are oriented with an axial directional
component and joined 1n interlocking manner with axial over-
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lap at a mutual offset in the circumierential direction (see also
FIG. 3c¢). According to FIG. 1, cables 1.11, 1.51, which are
used as electrical supply or discharge leads of windings 1.1 or
receiver windings 1.5, are routed through a bore 1.33 from the
interior of resolver housing 1.3 to the outside. Cables 1.11 of
windings 1.1 are routed out of housing 1.2 through one or
more grooves 1.23 between tabs 1.221, 1.211 (FIG. 3c¢),
which are created by the special geometry of housing shells
1.21,1.22.

According to FIG. 1, rotor 2 has a shaft 2.3 on which a
holding region 2.32 is produced, which to accommodate a
rotor-side transformer part, which includes windings 2.1 and
a housing 2.2 surrounding windings 2.1. Rotor-side housing
2.2 also 1s made up of two housing shells 2.21, 2.22, which
likewise include tabs 2.211, 2.221, which are oriented with an
axial directional component and joined in 1nterlocking man-
ner with axial overlap at a mutual offset 1n the circumierential
direction (see also FIG. 2¢).

The configuration of rotor-side housing 2.2 1s shown in
FIGS. 2a through 2¢. According to FIG. 2a, a substantially
annular sheet metal part having corresponding recesses 1s first
separated from a semifinished product with the aid of a stamp-
ing process. The semifinished product may be an FeSi sheet
metal material, for instance. One of recesses 2.222, which 1s
provided in approximately semicircular form and disposed at
the outer circumierence of the sheet metal part, 1s used as
cable feedthrough 1n the assembled resolver.

In the course of the further production processes, tabs
2.221 are subsequently produced by a bending process. In this
manner, housing shell 2.22 according to FIG. 25 1s produced
from a single piece of sheet metal, tabs 2.211, 2.221 of which
are disposed at the mner circumierence of housing 2.2. The
other housing shell 2.21 of rotor-side housing 2.2 has an
identical geometrical form as first housing shell 2.22 and 1s
produced accordingly, using the same stamping tools and the
same bending tool.

FI1G. 2¢ shows the two housing shells 2.21, 2.22 in order to
illustrate the configuration of rotor-side housing 2.2; tabs
2.211, 2.221 which are oriented with an axial directional
component and joined in interlocking manner with axial over-
lap at a mutual offset in the circumierential direction.

The configuration of stator-side housing 1.2 1s shown in
FIGS. 3a through 3c¢. Stator-side housing 1.2 has a larger
outer diameter than rotor-side housing 2.2 and 1s made from
a single sheet metal piece according to FIG. 3a, with teeth
disposed at the outer circumierence. The production steps are
similar to those of the rotor-side housing 2.2, 1t being under-
stood that different tools are used than for rotor-side housing
2.2. Housing shells 1.21, 1.22 produced 1n this manner have
tabs 1.211, 1.221, which are situated at the outer circumf{er-
ence ol housing 1.2 (FIG. 35). In addition, the two stator-side
housing shells 1.21, 1.22 are arranged 1n strict rotational
symmetry and, in particular, have no explicit recess for a
tuture feedthrough of cables 1.11. As already described ear-
lier, grooves 1.23 produced between housing shells 1.21,1.22
or between tabs 1.211, 1.221 by joiming the two housing
shells 1.21, 1.22 according to FIG. 3¢ are used as feedthrough
for cables 1.1.

In the production of the two housings 1.2, 2.2, tabs 1.211,
1.221, 2.211, 2.221 are bent such that they rest against
resolver housing 1.3 or against shait 2.3 1n flexible manner in
the radial direction. For this purpose tabs 1.211,1.221; 2.211,
2.221 are bent at an angle a of less than 90°. FIG. 1 shows
angle o by the dashed line for stator-side housing shells 1.21
by way of example.

When assembling the transformer parts, housing shells
1.21, 2.21 are thus produced first, as described earlier. One of
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housing shells 1.21, 2.21 1s then fitted with one of windings
1.1, 2.1. Individual housing 1.2, 2.2 1s then closed by placing
associated second, 1dentical housing shell 1.21, 2.21 on top.
Then 1t 1s possible, for example, to first insert stator-side
housing 1.2 1n mounting region 1.32 of resolver housing 1.3,
tabs 1.211, 1.221 elastically deforming in radially mmward

direction. Analogously, rotor-side housing 2.2 i1s fixed 1n
place 1n holding region 2.32 of shait 2.3, tabs 2.211, 2.221 in
this case being elastically deformed in radially outward direc-
tion. For safety-related reasons, housings 1.2, 2.2 may addi-
tionally be secured on resolver housing 1.3 or shait 2.3, by
bonding, for example.

In the exemplary embodiment shown, shait 2.3 1s arranged
as a hollow shait in which an engine shait, whose angular
position 1s to be determined, 1s able to be fixed 1n place 1n
torsionally fixed manner. A laminated core 2.4 provided with
transmit windings 2.5 1s situated on a mounting support 2.31
of shait 2.3. Transmit windings 2.5 together with laminated
core 2.4 are usually encapsulated 1n a casting compound once
rotor 2 has been assembled. The casting compound 1s not
shown 1n FIG. 1 for the sake of clarity.

In all other respects, windings 1.1, 2.1 of the transformer
and also recerver windings 1.5 and transmit windings 2.5 are
made from copper wire 1n the illustrated exemplary embodi-
ment.

With the aid of a corresponding resolver, the relative angu-
lar position between stator 1 and rotor 2 1s able to be deter-
mined. A sinusoidal alternating current 1s applied to windings
1.1 of stator 1 for this purpose, with the result that an alter-
nating current having a specified transformation ratio 1s
induced in windings 2.1 of rotor 2. This alternating current 1s
thus applied at transmit windings 2.5 of rotor 2 as well, so that
corresponding output voltages are induced 1n recerver wind-
ings 1.5 of stator 1 which enclose transmit windings 2.5 of
rotor 2. When using two receiver windings 1.5 of stator 1,
olfset by 90°, two voltage signals phase-oifset by 90° are able
to be read, the voltage signals being a function of the relative
angular position between stator 1 and rotor 2. The resolver 1n
the case at hand thus 1s arranged as a brushless resolver or as
a resolver without slip ring.

Resolvers having the housings 1.2, 2.2 may achieve rela-
tively high measuring accuracy. For one, this may be due to
the fact that the symmetrical design of housings 1.2, 2.2,
which furthermore are made up of i1dentical housing shells
1.21,1.22,2.21, 2.22, makes i1t possible to generate very high
homogenous stray fields, which has a positive eflect on the
measuring accuracy. Since completely rotationally sym-
metrical housing shells 1.21, 1.22 are used 1n stator-side
housing 1.2 as a result of avoiding recesses for cables 1.11,
among other things, an exceedingly precise measuring result
1s obtained 1n this case.

In this context 1t 1s apparent that instead of the individual
round geometry of a groove bottom of housing shells 1.21,
1.22, a rectangular arrangement of the groove bottom may be
advantageous with regard to stray fields and electromagnetic
compatibility with respect to external fields. Thus, 1n such an
arrangement of housing shells 1.21, 1.22, the recesses
between tabs 1.211, 1.221 are substantially of rectangular or
trapezoidal shape prior to the bending process, each having an
open side 1n a radially outward direction. If applicable, how-
ever, the particular (few) grooves 1.23 provided for the
teedthrough of cables 1.11 of windings 1.1 1n this configura-
tion may continue to be defined by a semicircular geometry of
the particular groove bottom.

Furthermore, the centering effect of radially elastic tabs
1.211, 1.221, 2.211, 2.221 also contributes to an increase in
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the measuring accuracy of the resolver, because radial devia-
tions from the optimal position of the transformer parts lead to
measuring inaccuracies.

For construction-related reasons, the measuring accuracy
ol the new resolver moreover 1s further increased due to the
fact that tabs 1.211, 1.221; 2.211, 2.221 are joined 1n inter-
locking manner with an axial overlap at a mutual offset in the
circumierential direction. As a result, a relatively large con-
tact area 1s achievable between housing parts 1.21,1.22;2.21,
2.22. This 1n turn increases the measuring accuracy of the
resolver because the magnetic resistance between individual
housing parts 1.21, 1.22; 2.21, 2.22 1s relatively low for con-
struction-related reasons. On the other hand, no satisfactory
clectrical contact 1s established between housing parts 1.21,
1.22; 2.21, 2.22 by the mere joining of stamped tabs 1.211,
1.221; 2.211, 2.221. Contacting tabs 1.211, 1.221; 2.211,
2.221 therefore produce relatively high resistance for eddy
currents at the joining lines. In this view 1t should be taken
into account, in particular, that such eddy currents extend
tangentially 1n the sheet metal of housing parts 1.21, 1.22;
2.21, 2.22. This construction has the effect that 1n particular
the manifestation of tangential eddy currents is considerably
reduced and the efficiency of the transformer 1s increased as a
result.

With the aid of the measures described herein, a resolver 1s
therefore able to be produced which satisfies highest demands
with regard to the measuring accuracy and which simulta-
neously 1s able to be produced 1n exceedingly economical
mannet.

The mvention claimed 1s:

1. A resolver, comprising;:

two housings, each housing including two housing shells,
the housing shells of the respective housings including
tabs oriented with an axial directional component and
joined 1n interlocking manner with an axial overlap at a
mutual offset 1n a circumferential direction; and
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two subassemblies rotatable relative to each other about an
ax1s, each subassembly including a winding arranged
inside the respective housing;

wherein the resolver 1s adapted to determine a relative

angular position between the two subassemblies.

2. The resolver according to claim 1, wherein the two
housing shells of the respective housings have an i1dentical
geometrical form.

3. The resolver according to claim 1, wherein the resolver
1s arranged as a brushless resolver, and the windings are
assigned to a transformer.

4. The resolver according to claim 1, wherein the housing
shells are formed 1n one piece from a sheet metal part.

5. The resolver according to claim 1, wherein the housing
shells are stamped and bent parts.

6. The resolver according to claim 1, wherein the tabs on
one of the housings are arranged at an outer circumierence of
the housing, and the tabs on another one of the housings are
arranged at an 1ner circumierence of the housing.

7. The resolver according to claim 1, further comprising a
resolver housing, and the tabs are configured to rest against
the resolver housing in elastic manner 1n a radial direction.

8. The resolver according to claim 1, further comprising a
shaft, the tabs configured to rest against the shaft 1n elastic
manner 1n a radial direction.

9. The resolver according to claim 7, wherein the housing
shells include bent parts, and the tabs are bent at an angle to
rest against the resolver housing in elastic manner 1in the radial
direction.

10. The resolver according to claim 8, wherein the housing
shells include bent parts, and the tabs are bent at an angle to
rest against the shait in elastic manner 1n the radial direction.

11. The resolver according to claim 1, wherein the housing
shells are arranged 1n rotational symmetry with respect to the
axis.

12. The resolver according to claim 1, wherein the housing
shells are formed from a sheet metal part.
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